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INTRODUCTION & CASE HISTORY
The last two decades have witnessed
considerable advances in fisheries science.
There has evolved a gradual awareness of
shifting the emphasis from specific studies
of populations in particular lakes to com-
parative studies of communities and eco-
systems with a view to predicting future
changes from already existing and related
data. Among the numerous contributions
made along such lines are those of RAWSON
(1949, 1951, 1955 et al. NORTHCOTE and
LARKIN (1956); LARKIN and NORTH-
COTE (1958); RYDER (1965); JENKINS
(1967 and 1970); JENKINS and MORAIS
(1968); REGIER et al. (1971); REGIER
(1971); REGIER ~nd HENDERSON (1973);
and RYDER et al. (1973). Although the
impetlls for such studies originated in
North America and other temperate countries,
the F.A.O. readily realized the need for
the application of such methods for the
evaluation of fisheries potential in African
lakes. This gave rise to a second all Africa
fisheries conference in Burundi in 197],
the proceeding, of which have been published.
The last of such conferences held in Chad
(1972) culminated in the formation of a new
committee of F.A.O. namely, "The Com-
mittee for Inland Fisheries for Africa"
(CIFA). The latest contributions by REGIER
and HENDERSON and RYDER et al.
(op., ciL) threw more light on the potential
of the new approach and has stimulated
more interest in related research.
Using RYDER'S (1965) Morpho-edaphic
index (MEl) REGIER et al. (1971) compared
seven African lakes and obtained a regression
line with approximately' as ,imilar slope
to Ryder's but with a higher intercept value
of one order of magnitude. Also JENKINS'
(1967) model was used on the African set
of lakes. A curvilinear line resulted that
closely paralleled Jenkins' line in both
intercept and deflection. REGIER ef aJ.
(op. ciL) noted that lakes with high con-
centrations of sodium or potassium and
sulphate or chloride iOQs would have a high
total dissolved solids (TDS) reading and
thus provide a high value with Ryders
index (TDSjmean depth). Such ions, however,
contribute little to the productivity of the
waters and actually impair it at higher
concentrations. They sugg«ted that a
correction should perhaps be made in
Ryders index to adjust for large concentra-
tions of such ion" but noted that it was not
yet clear what such an adjustment might
involve. They observed that if the above
was the case, then the yield at comparable
fishing intensity would be below the estimated
yield for normal carbonate bicarbonate lakes.
1 4 2 E . U . I T A
T h e y n o t e d t h a t t h e i o n i c c o m p o : , : i t i o n o f
L a k e R u d o l f i n K e n y a i , d o m i n a t e d b y
s o d i u m a n d c h l o r i d e i o n s . R y d e r ' s i n d e x
u n c o r r e c t e d f U f s o d i u m a n d c h l o r i d e h a s a
v a l u e o f a b o u t 7 0 0 i n L a k e R u d o l f . A n o r m a l
r e g i o n a l l a k e w i t h a n i n d e x o f 7 0 0 w o u l d
b e e x p e c t e d t o y i e l d a b o u t 2 0 0 k g / h a a t
c u r r e n t a v e r a g e r e g i o n a l fi~hing i n t e n s i t y .
T h i s w o u l d , h o w e v e r , b e a s e r i o u s o v e r -
e s t i m a t e , f o l l o w i n g R y d e r \ a n d J e n k i n s '
d a t a i f o n l y s u c h l i m n o l o g i c a l d a t a w e r e
c o n s i d e r e d . S i m i l a r l y , R Y D E R e t a i . ( 1 9 7 3 )
o b s e r v e d t h a t w i t h r e g a r d s t o n e w l y i m -
p o u n d e d r e s e r v o i r s . w h i c h a r e s u b j e c t t o a
d i f f e r e n t s e t o f c o n d i t i o n s , t h e M E r " " a s . n o t
i m m e d i a t e l y a p p l i c a b l e , a l t h o u g h I t w o u l d
p r o b a b l y r e p r e s e n t p o t e n t i a l y i e l d . S u f f i c i e n t
b i o t i c s t a b i l i t y , t h e y n o t e d , i s a c h i e v e d i n
t r o p i c a l r e s e r v o i r s , u s u a l l y n o s o o n e r t h a n
5 y e a r s a f t e r i n i t i a l i m p o u n d m e n t a n d m a y
r e q u l r e e v e n a s l o n g a s 1 5 y e a r s . S e c o n d l y ,
a l s o , a t i m e - l a g e x i s t s b e t w e e n t h e c o m p l e t e
f i l l i n g o f t h e ' r e s e r v o i r a n d t h e e x p a n s i o n o f
f i s h p o p u l a t I O n s t o f i l l a l l a v a i l a b l e h a b i t a t , .
V o l t a R e s e r v o i r i n G h a n a , f o r e x a m p l e ,
s h o w e d i n c r e a s i n g y i e l d s s u b s e q u e n t t o
f l o o d i n g w h i c h p a r a l l e l e u i n c r e a s e d n u t r i e n t
l e v e l s ( i n t h i s f . . ; a s e r e p r e s e n t e d b y t o t a l
a l k a l i n i t y ) . T h e y c o n e l u d e d t h a t a s b o t h
n u t r i e n t l e v e l s a n d m e a n d e p t h w e r e c h a n g i n g
d u r i n g f l o o d i n g , w i t h c o n s e q u e n t c h a n g e s
I I I t h e M E l , t h e l a t t e r v a r i a b l e w o u l d b e
u s e f u l o n l y f o r e s t i m a t i n g t h e p o t e n t i a l
i n s t a n t a n e o l l s y i e l d a t a n y p o i n t i n t i m e .
R E G I E R ( 1 9 7 1 ) o b s e r v e d t h a t a l t h o u g h
t h e H m n o l o g i e a l m o d e l s s e e k t o p r e d i c t
p o t e n t i a l c a t c h e s f r o m a l a k e a s a f u n c t i u n
o f s e v e r a l r e a d i l y m e a s u r e d v a r i a b l e s o b t a i n -
e d f r o m e x t e n s i v e d a t a a l r e a d y a v a i l a b l e
o n o t h e r l a k e s w i t h i n i t s f a m i l y , y e t i f
d i f f e r e n c e s b e t w e e n f a m i l i e s c o u l d b e
m o d e l l e d w i t h a d d i t i o n a l s i m p l e v a r i a b l e s ,
i t w o u l d b e p o s s i b l e t o m a k e p o t e n t i a l c a t c h
p r e d i c t i o n s f o r a n y b o d y o f w a t e r t o a p r e -
c i s i o n u s e f u l a t e a r l y s t a g e s i n t h e deyelop~
m e n t s e q u e n c e . A l s o t h e m o t i v a t i o n f o r deve~
l o p i n g b r o a d e r e c o s y s t e m m o d e l s a r i s e s f r o m
t h e r e c o g n i t i o n t h a t a s a f i s h e r y i n t e n s i f i e s
t h e f i s h c o m m u n i t y a d a p t s t o i t w i t h m a r k e d
c h a n g e s i n r e l a t i v e a b u n d a n c e o f d i f f e r e n t
s p e d e s . S u c h c h a n g e s i n t u r n a f f e c t s e c o n o m i c
p r o f i t a b i l i t y a n d t h e s o c i a l v a l u e o f t h e
t i s . h e r y . I f . t h e r e f o r e , t h e g e n e r a l n a t u r e a n d
d e g r e e o f e c o l o g i c a l a n d e l , ; o n o m i c c h a n g e s
c o u l d b e r e l a t e d q u a n t i t a t i v e l y t o f i s h i n g
i n t e n s i t y , a b r o a d e r r a t i o n a l e f o r m a n a g e -
m e n t w o u l d b e d e v e l o p e d t h a n h a s y e t b e e n
t h e c a s e i n f i s h e r y . c i e n c e , M o t i v a t e d b y
s u c h o b j e c t i v e s , R E G I E R a n d H E N D E R -
S O N ( 1 9 7 3 ) p r o p o s e d a b r o a d e c o l o g i c a l
m o d e l i n c o r p o r a t i n g a s p e c t s o f e a r l i e r l i m n o -
l o g i c a l m o d e l s : e c o l o g i c a l m o d e l s c o n c e r n e d
w i t h t h e e f f e c t s o f s t r e s s s u c h a s f i s h i n g o n
s p e c i e s d i v e r s i t y , s t a b i l i t y a n d r c l a t e u
c o m m u n i t y succe~sion; a n d a d d i t i o n a l
v a r i a b l e s r e l a t e d t o c l i m a t e a n d a b i o t i c
e n v i r o n m e n t a l v a r i a b i l i t y . T h e y e x . a m i n e d
o u t p u t f a c t o r s o f f i s h c o m m u n i t i e s s u c h a s
p r o d u c t i u n a n d y i e l d a s f u n c t i o n s o f i n p u t
f a c t o r s e , g . t e m p e r a t u r e , n u t r i e n t i n p u t ,
a n d f i s h i n g i n t e n s i t y . C o m m u n i t y c h a r a c t e r -
i s t i c s s u c h a s d i v e r s i t y a n d a b i o t i c v a r i a b i l i t y
w e r e u s e d a s l i n k s b e t w e e n i n p u t a n d o u t p u t
f a c t o r s .
F o l l o w i n g t h e a b o v e a p p r o a c h , a q u e s t i o n -
n a i r e s y s t e m o f d a t a c o l l e c t i o n w a s c o n c e i v e d
t o s u p p l y i n f o r m a t i o n f o r a c o m p l e x b i o -
e c o n o m i c s y s t e m s m o d e l f o r t r o p i t : a ) i n l a n d
f i s h e r i e ! > w h e r e , i n p a r t i c u l a r , t h e t r a d i t i o n a l
p o p u l a t i o n d y n a m i c s a p p r o a c h p r o v e s
e x t r e m e l y d i f f i c u l t t o m a n i p u l a t e .
M E T H O D A D O P T E D
T h e a i m o f t h i s a p p r o a c h i s p a r t l y t o
s t i m u l a t e t h e n e e d f o r c o n t i n u o u s d a t a
c o l l e c t i o n e v e n w h e r e s u c h d a t a a r e n o t
r e a d i l y u s a b l e . R E G I E R a n d L O F T U S
( 1 9 7 2 ) s u m m a r i z i n g t h e p r o c e e d i n g s o f t h e
S e O L s y m p o s i u m n o t e d t h a t m o n i t o r e d
d a t a o n f i s h e r y l a n d i n g s e t c . d o p r o " i d e
i n s i g h t o n e c o l o g i c a l proce~ses t h a t w e r e




r o u t i n e l y c
n e e d f o r
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( h ) T o e s t a t
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Ie the data were
routinely collected. This emphasizes the
need for data monitoring on different
variables.
The questionnaire incorporates only
measurable parameters related to:
(i) Morphometric and cdaphic character-
istics of the water body.
(ii) Energy-flow information e.g. phytop-
lankton, zouplankton and bottom fauna
production, fish species diversity, trophic
status of the fish species, species com-
pusition and distribution, yield
estimates, age or size composition of the
fishable stock and gear selectivity etc.
(iii) MultidISciplinary management in-
formation about the fishing industry.
BASIC CONSIDERATIONS
Ob;eclives
The general objectives of system analysis
are to analyse specific situations in order to
ascertain how adequately these situations
(systems) meet certain specific problems
(SAILA 1972). The ultimate goal is that of
prediction.
The objectives of the current study are:
la) To determine the morphometric and
edaphic characteristics of the water
bodies and the effects of the various
variables on the fish yield.
(b) To establish the relationships of the
biological characteristics of the water
bodies e.g. phytoplankton, zooplankton,
zooplankton and bottom fauna pro-
duction on fish yield.
(c) To study the effects of species diversity,
trophic status of the fish species,
species composition and distribution,
size composition of the fishable stock
and the effects of ex p\oitation by man
on the uverall yield.
(d) To ascertain from the above findings,
together with already existing informa-
tion on related investigations, ho"" the
yield of economkaUy important species
could he maximized through adequate
management strategies.
(e) To generate a small scale industry based
on the estimated resource and the
proposed model (Fig. I).
The Model
Figure 1 shows the proposed bio-economics
model of the fishing system aimed at sum-
marizing the information computed from the
questionnaire to elucidate the management
implications. In the model the word "en-
vironment" refers to the fish stock variables
which are outside the system (CHURCH-
MAN 1968). All the variables which are
conSIdered difficult or Impossible to control
or change in managing lhe system could
be classed as environmental variables.
HENDERSON (personal communication)
states that the chemical fertility of a large
lake may be considered as an environmental
factor or constraint to the fishery manager.
If the management problem is posed on a
large enough scale or if f'ertilizing a large
lake should become economically more
feasible, then lake fertility ,could be treated
as a system factor while fertiliLer cost might
then be the analogous environmental
variable. The budgetary and human con-
traints could be regarded, in the first instance,
as environmental rather than systems
variables in that the initial budget from the
policy-makers would be, fixed. If, however,
it becomes possible through adequate
management to adjust the budget and hence
the human resources through the activities
of the sys.tem, then these constraints would
become part of the system.
The resource sub-system is within the
f.ystem. In the model it presents the potential
or actual yield and the economic value per
unit biomass of the yield. It could also be
bruk-:n down into biomass of economically
important species and their respective
economic values per unit biomass. The
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controlled through suitable regulatory
processes. The hulk of the information
in the questionnaire is directed at estimating
the potential and actual yield of the resource
since it is on such a reservoir that specific
actions could be taken by the components.
As such the activities within the various
components of the model will depend on
the initial estimate of the resource and the
predictions of the effects of the habitats and
the exploitation by man on the stability of
the system.
The fishing sub-system considers the boats
utilized by the artisanal fishermen, the
equipment, catch per boat, social status of
the fishermen and investment possibilities.
The latter will be based on the magnitude
of the resource after some preliminary
benefit analysis.
Information obtained from the fishing
sub-system will help determine the extent
of investment in the processing sub-system.
The types of equipment and processing
methods required will depend on the con-
sumer preference and the demand for the
various types of products. The marketing
sub-system controls the distribution of the
processed materials and from the information
generated the analysis of supply and demand
could be conducted.
The activities Qf the various SUb-systems
will, at the initial stages of the experiment,
be controlled by the budgetary constraint,
hence the type. of equipment and human
resources utilized will be limited both by the
available resources and the initial vote from
the policy-makers.
The research sub-system feeds information
from the different sub-systems to the manage-
ment. Findings from limnology, fisheries
biology, technology and socia-economics
,could then be used by the management for
effective planning, changes in development
policies. and future research emphasis. As
RYDER el aI. (I973) have noted, there are
.obvious advantages in anticipating the deve~
lopment sequence as fishery research often
lags behind fishery development so much that
management of intense fisheries is generally
aimed at restoring rather than maintaining
the "potential" yield.
Besides management approaches utilizing
the results of comparative models is the need
for augmenting productivity in most African
water bodies particularly because, often, the
species than make up the bulk of the potential
or actual yield is not usually the economically
prefcrrcd species. This leads to the adoption
of even the restricted methods for exploiting
the preferred species to the point of ex-
tinction. This is a result of the total de-
pendence of the local fishermen on the
proceeds from their catches. thus rendering
ineffective even the most stringent regulations.
Factors to be considered for culturing in
the natural habitats are:
(i) The length of the food chain and fre-
quency of reproduction and age at
first maturity.
(ii) The suitability of the habitat for the
chosen species taking into consideration
the depth preference, availability of
natural food in addition to artificial
food (if necessary) and the available
space for the preferred depth.
DISCUSSION
Although the fishing system has been
conceived as a bio-economic complex,
emphasis will be given to the explanation
of the detailed structure and functioning
of the system. Subsequent synthesis involving
the use of existing relationships for manage-
ment etc. will also be undertaken. The
propoced fishing system is conceptually
feasible in an ideal environment with adequate
monitored data and organized fishing, how-
ever it is anticipated that the African en-
vironment will not satisfy such conditions.
This is partly due to the haphazard nature
with which the fishery is operated by the local
fishermen and also because the experimental
1 4 6 E . D . I T A
d a t a c o l l e c t i o n I S s t i l l a t I t s e m b r y o n i c
s t a g e . W R I G H T ( l 9 7 J ) n o t e s t h a t t h e m a j o r
p r o b l e m s i n d e v e l o p i n g m o d e l s o f b i o -
e c o n o m i c s y s t e m s i s l i k e l y t o b e t h e l a c k
o f d i r e c t l y s u i t a b l e b i o l o g i c a l d a t a . T h i s i s
b e c a u s e m o s t b i o l o g i c a l r e s e a r c h a n d a n a l y s i s
h a s t e n d e d t o b e c o n c e n t r a t c d o n s m a l l
s u b - s y s t e m s i n i s o l a t i o n f r o m t h e r e s . t o f t h e
s y s t e m . A l t h o u g h s u c h a n a l y s i s h a s i n c r e a s e d
t h e k n o w l e d g e a b o u t t h e s y s t e m a t t h e m i c r o -
I e ' e l . t h e r c h a s n o t b e e n a c o r r e s p o n d i n g
e f f o r t i n s y n t h e s i s i n g t h i s k n o w l e d g e i n t o
t h e c o n t e x t o f t h e w h o l e s y s t e m .
A d e q u a t e m a n a g e m e n t s t r a t e g y w i l l , t h e r e -
f o r e , r e q u i r e s o m e k n o w l e d g e o f t h e l i n k s
b e t v . ' c e n t h e v a r i o u s c o m p o n e n t s i n t h e
p r o d u c t i o n p r o c e s s a s w e l l a s t h e k n o w l e d g e
o f t h e s e p a r a t e c o m p o n e n t s t h e m s e l v e s .
T h e a b o v e s t a t e m e n t a p p l i e s e q u a l l y w e l l t o
b o t h a r a b l e f a r m i n g a n d f i s h i n g s y s t e m s .
A l t h o u g h t h e la~k o f d a t a m a y p r o v e t o b e
a m a j o r l i m i t a t i o n t o t h e d e v e l o p m e n t o f
s a t i s f a c t o r y m o d e l s , t h e m e r e a t t e m p t t o
d e v e l o p m o d e l s c a n p l a y a u s e f u l r o l e i n
t e r m s o f h i g h l i g h t i n g t h e s o r t o f i n f o r m a t i o n
t h a t i s l a c k i n g ( W R I G H T o p . c i t . ) .
S A I L A ( 1 9 7 2 ) d e f i n e s a f i s h e r y a s a
h o l i s t i c c o m p l e x i n c l u d i n g f i s h e s a n d o t h e r
o r g a n i s m s , m a n , m a c h i n e s , a s w e l l a s t h e
e n v i r o n m e n t . F i s h e r y m a n a g e m e n t m u s t
t h e r e f o r e t a k e i n t o c o n s i d e r a t i o n a l l t h e
v a r i o u s c o m p o n e n t s m a k i n g u p t h e w h o l e .
S u c h a n a p p r o a c h i s d e f i n i t e l y b o u n d t o
e n c o u n t e r s o m e d i f f i c u l t i e s , m o & t l y s o c i a l
a n d e c o n o m i c . T h e suece~s o f i t w i l l , there~
f o r e , d e p e n d f i r s t l y i n t h e r e c o g n i t i o n o f
t h e e x p e r t , i n t h e v a r i o u s f i e l d s , o f t h e n e e d
f o r t h e u n i t y o f t h e i r r e s p e c t i v e b r a n c h e s i n
o r d e r t o m a k e a w h o l e . I n t e r d i s c i p l i n a r y
c o w o p e r a t i o n i s v e r y o f t e n l a c k i n g i n f i s h e r i e s
re~earch p r o j e c t s becau~e o f i n d i v i d u a l
c l a i m s t o e x c l u s i v e r i g h t t o t h e u s e o f t h e i r
d a t a . O n c e t h i s d i f f i c u l t y i s o v e r c o m e , t h e
a d v a n t a g e s o f a c o m b i n e d e f f o r t w i l l f a r
o u t w e i g h t h e d i s a d v a n t a g e s .
A m o n g t h e p r o b l e m s a n t i c i p a t e d i n c l u d e
t h e s c a r c i t y o r a b s o l u t e l a c k o f d a t a f o r
s o m e o f t h e , c o m p o n e n t s o f t h e m o d e l .
U n d e r s u c h c i r c u m s t a n c e s , D E N T a n d
A N D E R S O N ( 1 9 7 1 ) b e l i e v e t h a t i t i s
o c c a s i o n a l l y p o s s i b l e t o " g e n e r a t e " t h e
i n f o r m a t i o n u s i n g t h e r e s t o f t h e m o d e l
s t r u c t u r e d u r i n g t h e s i m u l a t i o n p r o c e s s .
C o n s i d c r i n g t h e m o d e l i n q u e s t i o n t h e
r e s o u r c e s u b - s y s t e m i n c o r p o r a t i n g b o t h t h e
e n v i r o n m e n t a l a n d t h e e n e r g y - f l o w i n f o r -
m a t i o n i s e x p e c t e d t o p r o v i d e t h e e s s e n t i a l
s y s t e m i n p u t d a t a . T 1 ' l . e s o c i o - e c o n o m i c
i n f o r m a t i o n w i l l a l s o p r o v i d e s o m e s y s t e m
i n p u t i n t h e f o r m o f g o o d s a n d s e r v i c e s
a n d a c c o r d i n g t o W R I G H T ( 1 9 7 1 ) d e t e r m i n e
t h e e c o n o m i c o u t c o m e o f t h e s y s t e m s
o p e r a t i o n . S o c i o - e c o n o m i c c o n d i t i o n s w i l l
a l s o i n f l u e n c e t h e f i s h e r m a n a n d h e l p
d e t e r m i n e h i s g o a l s o r o b j e c t i v e s w h i c h
c o u l d b e t h e n i n c o r p o r a t c d i n t o m a n a g e m e n t
p o l i c i e s f o r o p e r a t i n g t h e s y s t e m .
T h e c o m p a r a t i v e a p p r o a c h t o f i s h e r y
s y s t e m s r e s e a r c h i s d i r e c t e d t o w a r d s a n s w e r -
i n g s u c h q u c s t i o n s a s : H o w d o r e p r o d u c t i v e
a n d l i f e c y c l e p a r a m e t e r s o f t h e p o p u l a t i o n
d e t e r m i n e w h i c h s t r a t e g y i , m o s t p r o f i t a b l e ?
H o w d o e s t h e s t r u c t u r e o f a t r o p h i c w e b a n d
t h e n u m b e r o f t r o p h i c l i n k s b e t w e e n v a r i o u s
l e v e l s o f t h c w e b a f f e c t t h e o p t i m a l h a r v e s t i n g
s t r a t e g y , a n d t h e d e s i r a b i l i t y o f i n t r o d u c i n g
n e w p r e y o r p r e d a t o r s p e c i e s t o i n c r e a s e
o v e r a l l p r o d u c t i v i t y o f t h e c o m m u n i t y ?
( W A T T 1 9 6 6 ) . H o w d o e s t h e e f f e c t o f
~tress t h r o u g h i n d i s c r i m i n a t e e x p l o i t a t i o n
a f f e c t t h e s t a b i l i t y o f t h e s y s t e m a n d w h a t
e f f e c t s i s i t e x p e c t e d t o h a v e o n t h e e c o n o m i c
s u c c e s s o f c u l t u r i n g i n t h e n a t u r a l h a b i t a t ?
e t c . I n v i e w o f t h e t i m e a n d m o n e y r e q u i r e d
t o c o n d u c t e x p e r i m e n t s f o r a n s w e r i n g s u c h
p e r t i n e n t q u e s t i o n s , t h e n e e d f o r u t i l i z i n g
d a t a i n t h e l i t e r a t u r e t o g e t h e r w i t h a s m a l l
n u m b e r , o f f i e l d e x p e r i m e n t s , f o r s t r u c t u r i n g
t h e m o d e l p r o v i s i o n a l l y , b e c o m e s a p p a r e n t .
T h e r e s u l t s f r o m s u c h a n a l y s i s c o u l d t h e n b e
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CONCU,SION
This programme will demand advanced
technical skill in mathematics and computer
programming beyond the usual training
of fishery biolog:ist~. Hence, in addition to
the contributions from the biD-economic
experts, the co-operation of experts in the
analytical sector will be of utmost importance.
Moreover, although experimental uata from
both published and unpublished reports
are of prime importance much useful jn~
formation can also be acquired by experience
through long contact with the environment.
Such knowledge both from the local fisher-
men and field experts is expected to contrihute
significantly to the bulk of the information
required for this master scheme.
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